Objectives-To compare the diagnostic accuracy of hand-held point-of-care (POC) versus conventional sonography in a general diagnostic setting with the intention to inform medical providers or clinicians on the rational use of POC ultrasound in resource limited settings.
D
espite medical advances of the last two decades, more than half of the world's population still lacks access to medical imaging; a deficit contributes to global health care disparities. [1] [2] [3] [4] [5] [6] Ultrasound and plain radiography are the most cost-effective and widespread global imaging modalities, and together could meet two-thirds of all imaging needs in low and middle-income countries Supplemental material online at wileyonlinelibrary.com/journal/jum (LMIC). 2, 6 Numerous studies in LMICs demonstrate that low-cost, point-of-care (POC) ultrasound systems have made a clinically significant impact on diagnosis and patient management. 4, 5, [7] [8] [9] Among other factors, the lower cost and maintenance requirements of POC ultrasound favor its use over more complex conventional ultrasound in low-resource settings. 8, 10, 11 The indications for POC ultrasound in conjunction with conventional imaging have continued to expand in high-income countries as well. [12] [13] [14] Diagnostic ultrasound imaging in high-income countries relies primarily on large, relatively expensive, cart-based systems (ie, conventional ultrasound). The efficacy of general cardiac, abdominal, and obstetrical sonography has been established in high-end conventional ultrasound systems, more than with POC ultrasound. [12] [13] [14] [15] [16] [17] A limited number of studies in high-income countries have evaluated the diagnostic performance of conventional relative to POC ultrasound. [19] [20] [21] [22] [23] [24] The POC sonography had similar accuracy to conventional ultrasound when evaluating a specific condition, such as the diagnosis of abdominal aortic aneurysm (AAA) or posttransplant liver evaluation. [19] [20] [21] However, POC was less accurate than conventional in a general diagnostic setting for abdominal, thoracic, and cardiac sonography. 23, 24 The purpose of the present study is to compare the diagnostic accuracy of a hand-held POC system relative to conventional sonography in the evaluation of patients presenting with common indications and diagnoses. As POC ultrasound is expanding in LMICs as a stand-alone imaging modality, a secondary aim of this study is to inform expectations for POC accuracy when used in lieu of conventional systems, without CT as a diagnostic backup. We hypothesized that there could be parity, in some cases, for the diagnostic accuracy of POC and conventional sonography for general abdominal, renal, and obstetric indications. A secondary goal of this study was to assess POC ultrasound for obstetrical indications, particularly given the expanded use of laptop-based, compact ultrasound systems for antenatal care in resourcelimited settings. [25] [26] [27] Materials and Methods
Patients
Our institutional review board approved this prospective study, and informed consent was obtained. Patients were enrolled between June 1 and August 31, 2010, at a single US academic medical center. Inclusion required a clinical ultrasound and patient agreement to participate. Patients with critical illness or those who could not consent were excluded. Forty-seven randomly selected patients underwent 58 pairs of POC and clinically scheduled conventional ultrasound examinations. There were 17 male and 30 female participants, whose ages ranged from 2 to 85 years (Table 1) . Four patients were subsequently excluded due to discrepancy on the correct diagnosis during image analysis, leaving 54 image sets for statistical analysis. The study was limited to obstetric, renal, and abdominal ultrasound examinations ( Table  1 
Image Analysis by Readers
Nine readers blinded to all clinical information examined the 54 paired POC and conventional image sets, for a total of 476 paired interpretations (two readers did not complete reading all image sets). Five readers were board-certified staff radiologists with 25, 15, 10, 8, and 3 years of ultrasound experience, respectively. Two readers were resident radiologists (a senior and junior resident), and two readers were RDMS sonographers with 5 and 2 years of experience.
It was not possible to blind the readers to POC versus conventional, because the sonographic images were inherently distinguishable as a result of differences in screen format and resolution. Readers were provided with the clinical indication and then asked to determine whether the study was normal or abnormal and to assign a diagnosis. This was done sequentially such that the POC study was read before the companion conventional study. The reader could not change his or her POC diagnosis based on findings of the conventional ultrasound. Point-of-care image quality: The image quality of the POC ultrasound was assessed from 1 to 5 (1 5 uninterpretable and 5 5 excellent). Image quality of the conventional ultrasound was not rated, as this was defined as the higher-quality reference standard examination. Diagnostic confidence: Readers quantified their degree of certainty in their diagnosis for each POC and conventional ultrasound study on a scale of 1 to 5 (1 5 no confidence and 5 5 total confidence).
Images were displayed with software by Picasa (Google, Mountain View, CA). Images were viewed on a PC laptop with a 15-inch monitor.
Reference Diagnosis
The senior author, who was excluded as a reader, established a reference diagnosis for each case (n 5 54). The reference standard diagnosis was based on the conventional ultrasound study as interpreted by the senior author as the interpreting radiologist at the time of the study acquisition. One year after patient enrollment, each reference diagnosis was either confirmed or modified based on further clinician evaluation and follow-up, laboratory/pathologic data, and additional imaging studies.
Comparison of Reader Diagnoses to Reference Diagnosis
The POC and conventional ultrasound diagnoses were recorded by the readers and compared with the reference diagnosis established by the senior author. If the study reader's diagnosis agreed with the reference diagnosis, the reader diagnosis was considered correct. If the reader diagnosis was discrepant, it was considered incorrect. Diagnostic accuracy was defined as the percent of POC and conventional diagnoses in agreement with the reference standard.
Statistical Analysis
The purpose of statistical analysis was to assess diagnostic accuracy between POC and conventional ultrasound systems. Each of the nine reader's relative diagnostic accuracy with POC and conventional systems were compared with the nonparametric Mann-Whitney U test. Subgroup analysis was performed for study type, BMI, diagnostic confidence, and POC image quality using McNemar's test. This assessed the relative proportion of POC and companion conventional readings in agreement with the reference diagnosis. Sensitivity and specificity were calculated from a simplified categorization of diagnosis: positive findings and negative findings. Positive findings are defined as pathology or normal variant anatomy. Statistical analyses were performed using IBM SPSS version 22 (Armonk, NY).
Results
Nine readers interpreted 54 sets of POC and conventional studies, yielding 476 paired interpretations (two readers did not complete all studies). Patient demographics are reported in Table 1 . The Supplemental table provides the study type, indication, and the reference diagnosis for each of the 54 examinations. Abdominal examinations accounted for 48% of the studies, renal 26% and obstetrical 24%, and there was one neonatal study. Eighty-seven percent of studies included a pathologic or variant anatomic abnormality.
Complete abdominal studies were most commonly ordered for hepatocellular carcinoma screening or for epigastric/postprandial pain. Cirrhosis and gallstones were the most common diagnoses. Obstetrical studies were most commonly ordered for fetal morphology or for fetal growth. Hydronephrosis and ventriculomegaly were the commonest diagnoses. Retroperitoneal ultrasound was most commonly ordered for renal stones or for hydronephrosis. Renal stones and renal cysts were the most common diagnoses.
Diagnostic Accuracy
The Supplemental table demonstrates the diagnostic accuracy of the nine readers in each case in both POC and conventional sonography. Mean diagnostic accuracy of the nine readers using POC sonography was 74% (standard deviation [SD] 3) compared with 84% (SD 5) with conventional sonography (Mann Whitney U P < .01). Both the POC and conventional diagnoses agreed with the reference diagnosis in 70% of the readings, whereas the conventional-only agreement was 14%, POC-only agreement was 4%, and no agreement in 11% (McNemar's P < .001). Figures 1 and 2 demonstrate a case of cholelithiasis with dilated common bile duct and a case of mild fetal ventriculomegaly, respectively, in each of which POC and conventional had similar high accuracy. Low accuracy was clustered among eight cases in which POC accuracy was at least 30% lower than conventional (see Supplemental table, The accuracy of POC versus conventional ultrasound studies favored conventional sonography for all anatomical regions including renal (POC 75% versus conventional 89%), abdominal (73 versus 80%), and obstetrical studies (75 versus 86%) (P .01 for all). There was only one neonatal study, and all readers made the correct diagnosis on both POC and conventional examinations. The accuracy of POC versus conventional ultrasound studies also favored conventional for normal weight (72 versus 81%), overweight (62 versus 76%), and obese patients (84 versus 94%) (P .02 for all). Accuracy rates were similar for morbidly obese patients at 87 versus 91% accuracy (P 5 0.50).
For individual readers, the accuracy of POC was lower than conventional ultrasound when interpreted by residents (74 versus 84%) and staff radiologists (73 versus 84%) (P < .05 for both). The RDMS readers demonstrated a trend toward lower diagnostic accuracy with POC compared with conventional, 79 versus 86% (P 5 0.08), but higher for both tests than the physicians.
Image Quality
Point-of-care image quality was rated from 1 (uninterpretable) to 5 (excellent). Readers assigned an image quality score of 4 or 5 to 27% of POC studies (n 5 127), and a score of 3 or less to 73% of POC studies (n 5 349). Accuracy was equal between POC and conventional systems when the POC quality was rated 4 or 5 at 83 versus 82%, respectively (P 5 1). Accuracy was lower in POC compared with conventional systems when the POC quality was rated 3 or less at 72 versus 85%, respectively (P < .0001). There was no association of low image quality rating with study type or BMI. Table 2 lists the diagnostic accuracy of each study reading stratified by the level of diagnostic confidence. High diagnostic confidence ratings of 4 or 5 were assigned to 60% of POC examinations and 91% of companion conventional studies (P < .001). Diagnostic accuracy of POC and conventional ultrasound is similar when diagnostic confidence is equal, as demonstrated in Table 2 . Confidence was equal in 43% of paired examinations, and these pairs also had equivalent diagnostic accuracy (82 versus 85% [P 5 0.12]). Confidence in the conventional ultrasound diagnosis was at least 2 points higher than the POC diagnosis in 19% of study pairs. Conventional diagnostic accuracy was 88% compared with POC accuracy of 47% in these cases (P < .001). The conventional rating was 1 point higher than the POC rating in 38% of study pairs, and conventional ultrasound accuracy trended higher than POC in these cases (86 versus 79% [McNemar's P < .058]). There were no significant differences in diagnostic confidence related to BMI or type of examination (retroperitoneal, abdominal, and obstetric). Table 3 reports the sensitivity and specificity of POC and conventional ultrasound to detect positive findings, defined as pathology or normal variant anatomy. Sensitivity was 75% (95% CI, 70 to 80%) for POC ultrasound, and 85% (95% CI, 81 to 89%) for conventional. Specificity was 68% (95% CI, 55 to 81%) for POC ultrasound, and 83% (95% CI, 74 to 92%) for conventional. The sensitivity of POC and conventional ultrasound studies was similar for different types of exams (renal, abdomen, and obstetrics), and small differences were not statistically significant.
Diagnostic Confidence

Sensitivity and Specificity
Discussion
The present study presents an assessment of POC and conventional ultrasound diagnostic accuracy in the general radiology/imaging setting in a United States academic center. We found POC to have slightly lower diagnostic accuracy compared with conventional sonography for basic sonography indications (74 versus 84%). We also found a slightly higher sensitivity and specificity for detection of pathology or anatomic variants with conventional ultrasound. These differences were accounted for by a subset of POC ultrasound studies with inferior image quality, resulting in decreased diagnostic confidence (Figure 3) .
Our observation of decreased confidence in the POC ultrasound interpretation may in part be the result of a lack of familiarity with POC ultrasound technique and image display. There may be adjustment to the image display and appreciation for the imaging features with increased use. Theoretically, familiarity would improve diagnostic accuracy and interpretive confidence.
The present study compares favorably to the literature of direct comparisons between POC and conventional sonography in high-income settings. A 2004 emergency medicine study comparing image quality between a Sonosite 180 (same POC system as the present study) and conventional ultrasound found conventional to have higher image quality and image detail (22) . This is concordant with our experience of slightly higher image quality among the conventional studies. A 2003 study found POC ultrasound to be as effective as conventional in the diagnosis of abdominal aortic aneurysm. 19, 20 Our diagnostic study was unrestricted with regard to indication for examination in the three anatomic areas examined. This may account for our slightly more variable diagnostic accuracy. A 2003 comparative study of cardiac ultrasound without restriction on the indication for examination found a laptop POC system (Optigo, Andover, MA) inferior to conventional ultrasound for complete cardiac evaluations. 24 The POC assessment of left ventricular function was adequate, but it was inadequate for evaluation of the left atrium, mitral and tricuspid valves, and the aortic root. 24 A 2009 comparative study of hepatic and biliary ultrasound in post-liver transplant patients found lower image quality and longer examination time for bedside hand-held POC compared with conventional ultrasound. 21 Despite lower image quality, the POC ultrasound was able to provide the critical diagnostic information in 39 of the 43 patient examinations. 21 This represents a similar discrepancy in diagnostic information to our own study.
There is also intrinsic machine variability among portable and conventional ultrasound units. A study measuring aortic jet velocity found that one laptop ultrasound model performed as well as a conventional ultrasound, whereas another portable model was inadequate. 28 A study of 16 unique conventional machine-probe combinations found that variation in second-trimester fetal measurements led to a 4-to 9-day range of estimated gestational ages. 29 These findings suggest that some intermachine variability may also be contributing to differences between conventional and portable accuracy.
Clinicians in resource-limited settings are increasingly relying on POC sonography when conventional diagnostic imaging is impractical or unavailable. [8] [9] [10] The results of the present study are generalizable to middle or high-resourced imaging settings, yet one may question the reproducibility in lower-resourced settings. The goal of this study was to isolate differences intrinsic to the ultrasound systems while controlling for confounding factors. Our hand-held POC ultrasound system, the Sonosite 180 plus, a robust and well-used first generation system, is comparable to systems used for POC sonography in LMIC settings. 2, 3, 10 We believe that these results may be applied to a lower resourced setting, given that limitations in training and technical support would negatively affect both POC and conventional systems.
A secondary goal of the study was to assess POC sonography for obstetrical indications. Laptop-based POC obstetrical ultrasound is a sustainable practice in LMICs when providing ongoing prenatal support. 26, 27 Other studies from LMICs have demonstrated quantifiable effects on obstetrical management when POC sonography was used. 4, 7 Our study had a limited number of obstetrical cases (n 5 13); however, POC ultrasound was nearly as effective as conventional in this small sample size with relevant conditions including ventriculomegaly, pelviectasis, and low lying placenta.
There were several limitations to this study.
(1) The senior author, rather than sonographers, obtained the POC ultrasound images. However, this is the common practice in low-resource settings where physicians, nurses, or paraprofessionals perform the ultrasound. (2) The sonographers were likely more facile in obtaining images with familiar conventional ultrasound equipment, whereas the attending radiologist was using a POC unit, with subsequent lower comfort level. (3) The senior author established the reference diagnosis made with conventional ultrasound, which guided the POC examination to the findings, which may have improved the detection of abnormalities. (4) Readers did not perform the ultrasound studies themselves, which may explain the lower image quality and confidence assigned to some studies. In a real-world setting, the interpreting radiologist or clinician may scan in real time to better visualize equivocal findings; however, this was not possible in the study setting. It is not clear how these competing biases ultimately influenced the results.
In conclusion, we found that conventional diagnostic accuracy modestly outperformed POC sonography across a range of diagnoses, 84 versus 74%. The disparity in diagnostic accuracy was partly explained by a greater variation in image quality and diagnostic confidence in POC sonography. Conventional ultrasound demonstrated higher sensitivity and specificity for detecting pathology and anatomic variation. Resource-limited clinicians who rely on POC sonography should temper diagnoses, depending on their experience, when image quality or diagnostic confidence is deemed equivocal or suboptimal. Overall, POC ultrasound performs as a reliable diagnostic tool over a range of focused indications and diagnoses. Hence, POC ultrasound would appear to be a worthwhile device to implement or deploy in low-resource settings.
